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Abstraet--A substantial proportion of the material delivered to the modern oceans is supplied by a 
few large rivers such as the Changjiang. Early diagenetic reactions in surficial bottom sediments 
determine in large part both the eventual influence of these rivers on the sea and the nature of sedi- 
mentary deposits formed. The region off the mouth of the Changjiang exemplifies the interplay 
between physical, chemical, and biological factors which can produce particular spatial patterns of 
diagenesis and sediment-water xchange. Toexamine these patterns measurement of pore water 
solute profiles, sediment-water solute fluxes, and solute reaction rates in the upper few decimeters of
sediment were made at 27 stations near the Changjiang in the East China Sea. Direct measurements 
of dissolved Si(OH) 4, NH +, and NO5 fluxes from or into bottom sediments made during summer 
and autumn periods (15 to 24°C) range from 0.13 to 13.2, -2.6 to 3.4, and -1.4 to 
3.2 mmol m -~ day -1, respectively. Net solute flux from the sea floor is often lowest from deposits 
having the highest interstitial solute concentrations. In addition, bottom regions having the highest 
build up of reaction products or depletion of reactants in pore waters (with respect o overlying 
water) actually have the lowest rates of reaction. These same areas of elevated (products) or depleted 
(reactants) pore water solute concentrations, low reaction rates, and low net rate of solute exchange 
which are located near the mouth of the Changjiang are sites of high sedimentation rates and 
depauperate b nthic ommunities. High water turbidity and resuspension apparently hinder water 
column production and input of reactive organic matter or other biogenic material which drive many 
diagenetic reactions. Rapid sedimentation or disturbance hinders benthic ommunity development, 
lowers biogenic reworking, and allows build up or depletion of reaction products or reactants in 
bottom sediments. Offshore areas of lower sedimentation, higher productivity, and active bottom 
communities are sites of high initial reaction rates and increased sediment-water solute exchange 
compared with rapid sedimentation regions. A diagenetic paradox resulting from the interaction 
between benthic ommunities and the physical environment of sedimentation is that proportionally 
the greatest storage of diagenetic products related to organic matter decomposition can occur in 
sediments that are initially the least diageneticaUy reactive. 
INTRODUCTION 
THE products of continental weathering brought by rivers to the oceans are subject o intense 
physical, chemical, and biological processing at the continent-ocean boundary. Both the 
amounts and kinds of solid or dissolved material remaining near the continents or advancing 
further into the sea depend on the particular balance of physical, chemical, and biological 
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factors occurring at any given time or place within the boundary zone (TUREKIAN, 1977). It 
was our goal in the present study to examine the spatial patterns of early diagenetic reac- 
tions, sediment-water solute exchange rates, and storage of reactive organic matter which 
result from these interactions in modern sedimentary deposits off the Changjiang in the East 
China Sea. The Changjiang represents an extreme within the context of present day rivers 
because of both its large size and high suspended load (MILLIMAN and MEADE, 1983). It is 
also unique because it empties onto a comparatively wide, shallow and open continental 
shelf; as such it may provide insight into properties of massive ancient rivers whose deposits 
are preserved in the geologic record. 
This report is restricted for the sake of clarity to a few examples of diagenetic reactions 
that illustrate some of the patterns of sediment diagenesis and sediment-water solute 
exchange in the East China Sea. Many early diagenetic reactions are coupled directly or 
indirectly to the decomposition of organic matter and other biogenic sedimentary com- 
ponents uch as CaCO 3 or SiO 2 • nH20 (BERNER, 1980). Products of these reactions are 
often released into overlying waters where, as in the case of remineralized organic com- 
ponents, they are reutilized by organisms or, as in the case of certain metals, they are subject 
to further abiogenic reactions. Because of their biogeochemical importance, we use the 
distribution, transport, and reaction rates of the inorganic nitrogen species, NH,  and NO~, 
as one class of examples. These constituents are produced or consumed by the following 
general types of reactions (after RICHARDS, 1965; SrlOLKOVITZ, 1973): 
Heterotrophic hydrolysis and oxidation of organic matter 
(a) (CH20)x(NH3)y + (x + 2y)O2 = xCO2 + (x + y)H20 + yHNO3, (1) 
(b) 5(CH20)x(NH3)y +4xNO3 = xC02 + 3xH20 + xHCO-~ + 2xN2 + 5yNH3, (2) 
(c) (CH20)xNH3)y + 2xMnO2 + 3xCO2 + xH20 = 4xHCO~ + 2xMn 2÷ + yNH 3, (3) 
(d) (CH20)xNHa)Y + 4xFe(OH)3 + 7xCO 2 = 8xHCO-~ + 3xH20 + 4xFe 2+ + yNH3 ,(4) 
(e) 2CH20)x(NH3y + xSO42- - 2xHCO~ + xH2S + yNH3, (5) 
(f) 2(CH20)x(NH3)y =xCO2 + xCH4 + 2yNH3. (6) 
Chemoautotrophic oxidation of inorganic nitrogen 
NH~ + 3/2 02 = NO~ + 2H + + H2 O, (7) 
NO~ + 1/2 O2 = NO~. (8) 
Reactions (1) to (6) occur successively depending on the relative availability of the various 
electron acceptors, 02, NO% MnO2, Fe(OH)3, SO 2-, and C (CLAYPOOL and KAPLAN, 1974; 
FROELICH et aL, 1979). Reactions (7) and (8) are catalyzed by different organisms but are 
effectively ecologically coupled in the overall process of autotrophic nitrification. The molar 
ratios of C fixed to N oxidized vary substantially depending upon environmental conditions 
and immediate history, but are generally ,-,0.06 to 0.14 for NH~ oxidation and ,4).01 to 0.02 
for nitrite oxidation, giving ,,.0.12 overall (BILLEN, 1976; VAN GOOL et al., 1971). Two 
characteristics of reactions (1) to (6) will be utilized here. The first is that the source of 
organic matter eactant is largely in the solid phase of the deposit while the NH~ product is 
released to pore waters. The second is that the rates of these reactions are determined by the 
kind of organic compounds present and are approximately independent ofthe concentration 
of NH~ building up in solution (BEgNER, 1980). These reactions therefore ideally follow zero- 
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order kinetics with respect to NH~ concentration (BILLEN, 1978, 1982; ALLER and YINGST, 
1980; MATISOFFet al., 1981). 
The second major group of diagenetic reactions discussed here is the dissolution of 
siliceous sedimentary phases which results in the release of dissolved silica to solution. This 
includes both biogenic silica and clay dissolution (ScHINK et al., 1975; MACKIN and ALLER, 
1984a): 
(a) SiO2 • nH20 + H20 = Si(OH)4 
(b) siliceous-clay = aluminous-clay + Si(OH)4. 
(9) 
(10) 
Reactions (9) and (10) are important in authigenic mineral formation and in resupplying 
dissolved silica to siliceous organisms uch as diatoms and silicoflageUates. A major 
characteristic of these reactions is, again, the initial transfer of material from the solid to 
solution phases. The kinetics of these reactions differ from that of NH~ release in that their 
rates are strongly dependent on the concentration fdissolved silica in solution (HURD, 1973; 
SCHINK et al., 1975; KAMATANI and RILEY, 1979). In the absence of any major changes in the 
characteristics of the solid phase during dissolution, silica release can be approximated as 
first-order with respect to pore water silica concentration and decreases rapidly as dissolved 
silica concentration i creases. This represents an important contrast with reactions (1) to (6) 
because the responses of a solute to physical and biological factors in the sedimentary 
environment are governed in large part by the reaction kinetics controlling solute production 
(ALLER, 1980a). With these facts in mind, the behaviors of dissolved inorganic nitrogen 
species and silica in sediments of the East China Sea are compared and contrasted. The 
implications for the relative storage of organic matter in different sedimentary facies are then 
examined. 
STUDY SITE AND SAMPLING 
The general physical and biological features of the Changjiang and adjacent East China 
Sea have been described by CHEN et al. (1982), SHEN et al. (1982), Yu~ and WAN (1982), 
RHOADS et aL (1985) as well as other papers in this issue; therefore they will not be repeated 
here. Several kinds of samples were taken for chemical and sedimentological analyses, 
including surface and water column samples, sediment box cores with their immediately 
overlying waters, and gravity cores. The present report emphasizes results from the box 
cores and includes selected analyses of the solid phase, pore water solute distributions, 
organic matter decomposition rates, and direct measurement of sediment-water fluxes. These 
measurements were made at 27 different stations (Fig. 1), some sampled more than once, 
during three separate cruises aboard the Xiang Fang Hong No. 9 (10 to 22 June 1980) and 
Shijian (2 to 15 August 1981; 16 November to 2 December 1981). Stations occupied uring 
the Xiang Fang Hong No. 9 cruise are prefixed by 80__ while those of the Shijian are 
indicated in the text by 81 __S or 8 I__W for the summer and autumn periods, respectively. 
All box cores were collected using a 0.25 m 2 USNEL box corer (HESSLER and JUUARS, 1974). 
BOX cores were partitioned initially into four quadrants using metal sleeves; upon retrieval, 
they were subcored with butyrate tubing. Solid phase and pore water analyses, flux core 
incubations, anoxic incubation experiments, and electrode measurements were all done on 
separate butyrate subcores of 15, 15, 7.5, and 7.5 cm diameter, espectively. 
230 R.C. ALLER e/al. 
8136 
32 ° 
S i ts  8oo2e 
o,io :;. g. ,o o?., 
3, r,o,  
OlOI ,'- 
, oJ~'l " 
29o 
124 ° 125 ° J260l 127° 
eP55 
8134 
8014 
e~2o 
80i6 
e)j, 
Z4 
eOZ3 
28 I I i m I I J J J I 
Fig. I. Stations ampled for pore water, decomposition rate experiments, and direct flux measure- 
ments. Stations occupied in both 1980 and 1981 arc indicated by a single number. Because the sta- 
tions sampled uring August and November 1981 differed, the symbols S and W used in the text to 
differentiate summer and autumn are not indicated on the figure. 
Pore water and solid phase sampling 
Processing of cores for pore water and later solid phase analyses was begun within ,-,1 h of 
collection. Cores were sectioned at 1 to S cm intervals under a nitrogen atmosphere. A IS cm 
diameter core was used to sample the upper 3 cm of sediment at 1 cm intervals, while a 
7.5 cm diameter core was used to obtain samples at 5 cm intervals and provide material for 
incubation experiments described later. A small subsample of sediment was removed for 
determination f water content. Sediment was placed into 125 ml Nalgene centrifuge bottles 
using plastic spoons and pore water and sediment solids separated by centrifugation at 
5000rpm for 15 to 30rain using a gimbaled Sorvall SS-3 centrifuge. Pore water was 
removed under nitrogen using plastic syringes and rfltered inline through 0.4 vm pore size 
Nuclepore membrane rdters. The solid phase cake remaining after removal of pore waters 
was immediately frozen for later analyses. Strict temperature control was not maintained 
during processing. Except for the northeastern stations where bottom temperatures were 
<13°C, processing of samples was unlikely to vary more than +2°C from that in situ 
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(~22 _+ 2°C during summer cruises; 17 _+ 2°C during autumn) due to the similarity of air 
and water temperature and relatively rapid handling of samples in most cases. We note 
explicitly those cases where temperature artifacts in the data are likely. Because all cores 
were collected in <200 m of water (and most < 100 m), pressure ffects are minimal. 
Anoxic incubation experiments 
Processing of cores for incubation experiments was done at the same time as pore water 
sampling. Cores (7.5 cm diameter) were sectioned into 5 or 10cm intervals, and 
homogenized by hand under a nitrogen atmosphere. One portion from each interval was 
placed into 125 ml centrifuge bottles and processed for pore waters immediately as pre- 
viously described. Two additional portions were packed into 50 ml plastic centrifuge tubes, 
placed into nitrogen flushed glass jars, and stored in the dark. The 198 lW samples were sub- 
merged in a water bath at approximately the in situ temperature. After 2 to 4 and 6 to 10 
days, a sample from each interval was removed and its pore waters analyzed. Changes with 
time of pore water solutes in incubation samples can be used as an indication of reaction 
rates in the sediment or at the very least an assay of the reactivity of various sedimentary 
constituents with depth in a deposit and between sites (MARTENS and BERNER, 1974; BILLEN, 
1978; ALLER and YINGST, 1980; MATISOFF el al., 1981). Incubation rate measurements agree 
well with rates determined by other techniques, uch as radiotracer uptake during sulfate 
reduction, where comparisons can be made (WESTRICH, 1983). 
Direet f lux measurements 
Subcores (15 cm diameter) with their original overlying waters in most cases were placed 
in a water bath in the dark. The overlying water was continuously aerated using pumps and 
was sampled periodically with plastic syringes at ,,-5 to 12 h intervals over a ~50 h period. 
The change in composition of the overlying water with time can be used as a direct measure 
of net solute flux across the sediment-water interface. Water samples were filtered 
immediately after collection as described previously. The 1981W cores were incubated at 
close to the in situ temperature, but summer cores sometimes rose considerably above in situ 
over the 2-day incubation period due to unavoidable problems in temperature control. 
Temperature r cords for both flux and anoxic incubations were maintained so that correc- 
tions to the in situ temperature are possible. 
Electrode measurements 
Separate 7.5 cm diameter subcores were used for determination of punch-in pH, pS 
(sulfide), Eh (redox potential), conductivity of pore waters, and resistivity of total sediment. 
These measurements were made on board ship within a few hours of core collection. In the 
case of electrical potential measurements, the reference lectrode was a saturated Ag-AgCI- 
KCI ceramic junction electrode, pH was determined using a rugged combination glass 
electrode initially standardized in non-seawater buffers. A Ag-AgS electrode was used for 
sulfide and a frequently cleaned Pt electrode for Eh. Eh values were calculated by converting 
the measured redox potential which is relative to the Ag-AgC1 reference to the potential rela- 
tive to the H 2 electrode. The resistivity probe was modified from the design of ANDREWS and 
BENNETT (1981). 
Water column samples 
Surface water samples were obtained off the bow of the ships using a polyethylene bucket 
attached to a nylon line. The bucket was rinsed thoroughly with surface water before sample 
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collection. Subsurface samples were taken with PVC Niskin bottles. Water was filtered (as 
described previously) directly into acid rinsed plastic bottles; in most cases immediately after 
collection or sometimes after storage in the dark for <4 to 5 h at 4°C. 
Analytical methods 
Pore water, flux core, and overlying water subsamples for NH~ analyses were first fixed 
with ethanol-phenol (DFooBms, 1973), stored refrigerated at 4°C, and analyzed on board 
ship within 2 days of collection using the phenol-hypochlorite ndophenol blue method 
(SoLORZANO, 1969). Nitrate and nitrite determinations were made on shore with acidified 
subsamples using either the method of LI (1979) or a modified Cd-Cu reduction- 
ethylenediamine dichloride method (STRICKLAND and PARSONS, 1972). Dissolved silica 
was determined in both acidified and unacidified samples on shore using the reduced 
molybdate method (STgICKLANO and PARSONS, 1972). In addition to these measurements, 
reactive inorganic phosphate (STRICKLAND and PARSONS, 1972) and total alkalinity (GmSKES 
and ROGERS, 1973) were determined on board ship. Other analyses performed on shore 
included Cl- (AgNOa/starch/fluorescein), SO~- (gravimetric), I-, Mn, Fe, and Al. Results of 
Fe and Al analyses are discussed by MACKIN and ALLVR (1984a); Mn and I- results will be 
given in a future paper. 
Solid phase analyses of organic carbon (GAoDETTE et al., 1974), CaCO 3 (SCmNK et al., 
1979), acid volatile sulfur (distillation after HCI addition), and total N (Kjeldahl distillation) 
were made on samples which had been stored frozen. 
RESULTS 
Water column solute profiles (Fig. 2) along a west to east ransect overlying Stas 8128W, 
8104W, 8105W, and 8110W near the mouth of the Changjiang demonstrate the 
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Fig. 2. Representative water column profiles along a west--east transect. Nutrient-rich surface 
waters characterize the stations under the low salinity plume which shifts position with tide and river 
flow. 
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characteristic gradients in water properties from the low salinity river plume region to off- 
shore high salinity areas. Surface waters are enriched in nutrients inshore but depleted off- 
shore. This nutrient gradient changes location depending on tidal state and river discharge. 
Sediment pore water solute profiles from the same west to east transect illustrate the 
regular pattern of solute concentration distributions observed both with depth in the sediment 
and between stations (Fig. 3). All stations show a rapid decrease of N~3 and increase of 
NH + and Si(OH) 4 below the sediment surface. Stations such as 8128W near the mouth of 
the Changjiang have higher interface NO 3 than offshore stations due to proximity to the high 
overlying river source and other causes discussed later. There is also a regular west-east 
decrease in the average concentration of NH + in the upper 15 cm of sediment. Although the 
details of this pattern may show temporal or small scale spatial variability, the tendency for 
lower concentrations offshore appears to be constant (Fig. 4). Si(OH) 4 concentrations can be 
high or low at a given station irrespective of location and range between -,,0.2 and 0.4 raM. 
As implied by NO 3 profiles, the oxidation-reduction potential measurements demonstrate 
that dissolved oxygen is rapidly depleted in the bulk sediment below the surface (Fig. 5). 
Oxygen can, of course, be present in microenvironments associated with burrow structures 
throughout the sampled intervals. A relatively high average redox potential of ÷ 30 mV is 
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Fig. 3. Sediment pore water solute profiles from Stas 8128W, 8104W, 8105W, and 8110W 
corresponding to the same transect as in Fig. 2. The overlying water value plotted is that found at 
the time of sampling and is likely to change, particularly at8128W, depending on tidal state and 
river flow. Chloride concentrations i  the top 0 to 1 cm were the same as overlying water in these 
examples. 
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solute concentrations along the west-east ransect are repeatable year to year. 
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maintained at depth (10 to 20 cm) despite the presence of solid phase reduced sulfur, which 
indicates ulfate reduction in these deposits (Fig. 6). 
NH + concentration changes in incubated sediment at the various sites allow estimation of 
NH+4 production rates. Examples of incubations along the previously mentioned west-east 
transect (Figs 2 and 3) demonstrate generally small changes in concentration with time of 
incubation at inshore stations but rapid increases with time at offshore stations such as 
Fig. 6. 
5 
E I0 
.9, ° , 
15 e,,. 
20 
S (av.) (umoles/cj) 
2 4 6 2 4 6 2 4 2 4 6 
30 8140 S 8103 S 
Acid-volatile sulfide concentra, '3ns in surface sediments from stations along a south-north 
transect offthe river mouth. All stations have detectable solid phase sulfide. 
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81 lOW (Fig. 7), Figure 8 shows net rates (no adsorption correction) of NH~ release into 
pore waters (calculated from data such as those in Fig. 7) as a function of depth in sediment 
in the top 10 or 15 cm at stations sampled during June 1980. Temperature of incubation was 
essentially the same in each case so that direct comparisons between stations can be made. 
These suggest several important conclusions. First, the magnitude of the rates varies sub- 
stantially between stations. Second, in most cases the rates are highest near the interface and 
decrease with depth in the sediment as is expected when sedimentation of organic matter is 
Fig. 7. 
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relatively constant with time. Third, in a few cases (8004, 8005, 8011) the rates are inverted 
such that lower rates are found at the surface than at depth. This means that either older 
organic material or material of different origin has been recently deposited at those sites, or 
that reactive material has been mixed into deeper portions of the deposit. 
It is possible to estimate NO~ reduction and, less accurately, nitrification rates at each 
of the autumn 1981 stations by using pore water NO~ profiles (Fig. 8) and the 
nitrification--denitrification diagenetic model of VANDERBORGHT and BILLEN (1975). The 
model requires that nitrification is restricted to a layer of finite thickness near the sedi- 
ment-water interface and that below this layer nitrate reduction (taken equivalent o 
denitrification) dominates. NO 3 is assumed to be produced by a pseudo zeroth order reac- 
tion limited by NH~ production. In contrast, denitrification is first-order with respect to NO-~ 
over most naturally occurring NO3 concentrations when reactive organic matter is in excess. 
In the present cases, measurable NO~ is usually restricted to the upper 3 cm and, more often, 
1 to 2 cm of sediment (Fig. 9). Certain stations uch as 8110W have N(~ 3 peaks at depth due 
to irrigated burrow structures (HENRIKSEN et aL, 1982) but these sediment regions are 
ignored here. The sharp attenuation of NO3 near the upper sediment-water interface results 
in modeling disadvantages in that the exact form of the pore water profile in the nitrification 
zone and thus the thickness of the zone cannot be determined from the profile alone. It gives 
the advantages, however, that vertical diffusion scales are very small so that sedimentation 
can be ignored (LERMAN, 1979), the magnitude of biological irrigation relative to molecular 
diffusion is likely to be small so that vertical diffusion can be assumed to dominate (ALLER, 
1982), and steady-state distributions should be rapidly attained. The appropriate diffusion- 
reaction equations describing NO3 distributions in the absence of significant compaction are 
then: 
Zone 1 (nitrification); 0 ~< x ~ L 
¢3Cl/at = 0 = Ds(a2C~/ax 2) + R n. (1 1) 
Zone 2 (nitrate reduction); L ~< x ~< 
/)(72/~t = 0 = D, (a 2 C2/ax 2) - kC2. ( 1 2) 
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Fig. 9. Interstitial NO-~ profiles in upper 3 cm at stations amplod in autumn 1981. Overlying 
water values indicated by solid dot. The continuous curves correspond to model predicted profiles 
discussed in text. 
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The model boundary conditions are 
x = O, Cl = Cr (13) 
x = L, Cl = C2 (14) 
~C~/~x = 3C2/~x (15) 
x--*oo, C2 ~0,  (16) 
where C = pore water solute concentration; x = vertical space coordinate, positive into the 
sediment, origin at the sediment-water interface; t = time; D s = bulk sediment diffusion 
coefficient; Rn = nitrification rate; k = first-order rate constant; and Cr = constant overlying 
water solute concentration. Solutions and model behavior for constant D s are given by 
VANDERBORGHT and BILLEN (1975) and BILLEN (1978). Ds at each station was estimated from 
the relation D, =D/¢F, where D = molecular diffusion coefficient in free solution, 
= average porosity over the modeled interval, and F= sediment resistivity (BERNER, 
1980a). F was estimated from the porosity using the average relationship between F and 0 
found in East China Sea surface sediments (Fig. 10). The relation is such that in most cases 
the approximation Ds ,~ ¢2D is appropriate at the high porosities in the upper few cm (Fig. 
9), as has been found in other nearshore sediments (ANDREWS and BENNETT, 1981; ULLMAN 
and ALLER, 1982). This simple approximation is used here because values o fF  are not avail- 
able for all stations and the statistical relation F = 1.3~ -l'Tl is close to F = ~-3 for ~ >/0.7. 
Infinite dilution diffusion coefficients tabulated by LI and GREGORY (1974) are taken as 
estimates of D at appropriate insitu temperatures. 
Unique values for both k and R n can be determined from the average N(F a concentrations 
in the overlying water and the top sediment intervals by first fixing a value for L and then 
integrating the solutions to equations (11) and (12) over appropriate finite sampling intervals. 
If the diffusive flux of NO~ into or out of the sediment is known, then L can (in principle) be 
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Fig. 10. Relationship between the formation resistivity factor, F, and porosity, ¢, in surface sedi- 
ment (0 to 15 cm) in the East China Sea. The dashed line represents the least squares regression to
all the data. 
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independently determined. Because ven a few burrow structures can greatly alter the total 
flux of NO~ into or out of a deposit (HENRIKSON et al., 1982), L was not calculated in this 
way. Instead L was arbitrarily set at 0.5 cm except where it was not possible to fit the 0 to 
1 cm concentration using this value (Stas 8105 and 8129W). The particular value of L 
chosen does not greatly affect calculated values of k, but does strongly control R, and thus 
the NO~ flux. Despite the arbitrary nature of L, the predicted NO~ fluxes are within a factor 
of 2 to 3 of the measured fluxes at 5 of the 9 stations; two of the remaining stations (81 l0 
and 8129W) are extensively bioturbated and not expected to give good agreement. Model 
values are given in Table 2 and corresponding pore water profiles are shown in Fig. 9. If an 
alternative model which allowed simultaneous nitrification and denitrification i the surface- 
most layer (O-L )  were used, values of k are essentially unchanged but denitrification 
estimates can increase by as much as 1.5 to 2 times depending on the station. 
Estimates of net solute fluxes across the sediment-water interface were made by first plot- 
ting the change in mass of solute in water overlying flux cores as a function of time and then 
determining the flux as the slope of initially linear portions of the mass-time relationship. The 
flux is determined from the relations: 
J= AM/(At) (17) 
AM= XV(t)(C(t)- C(t- 1)), (18) 
where d--f lux (mass/time/area); t=  time; AM= total mass change in water at time t; 
V(t) = total volume of overlying water at time t; C(t)= solute concentration at time t; 
C(t- 1) = solute concentration i sample previous to time t; and X; = summation over all 
samples up to time t. The constant relationships implied by equations (17) and (18) were not 
always obeyed because of changes in overlying water properties, uch as 02 depletion despite 
constant aeration, and resulting time dependent fluxes. If mass increases or decreases were 
not linear over the entire period of sampling only the first two or three samples were used to 
calculate fluxes. A common pattern observed was an initial increase in N(~ followed by a 
decrease. Because the cores were stored in the dark, patterns of this type probably reflect 02 
depletion and a shift to dominance of denitrification. In other cases both NH4 + and NO~ 
began to decrease with time implying either plankton growth (unlikely) or nitrification 
coupled with denitfification. Dissolved Si(OH) 4 generally increased linearly with time over 
the entire incubation period. 
Based on the recorded temperature of the retrieved box core or independently measured 
bottom temperatures, all flux and anoxic incubation data have been corrected from the ship- 
board temperature to the in situ value. This was done by assuming an average apparent 
activation energy of 19 Kcal mol -~ for all constituents (ALLER and YINOST, 1980; ALLER and 
BENNINGER, 1981). The temperature correction factor usually resulted in a lowering of the 
originally measured value by about 20%, but in some cases a ,-,70% correction was 
necessary. The correction factors used are listed in Table 1 along with the corrected ata so 
that actual measured values can be recalculated if desired. Although these corrections 
influence the magnitude of the measurements, they do not alter any major conclusions. 
DISCUSSION 
Reactivity of sedimentary organic matter 
There are distinct spatial patterns in the NH~ production rates measured in sediments off 
the mouth of the Changjiang and surrounding shelf area (Fig. 11). These patterns are 
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Table 2. Nitrification-denitrification model values 
Station k R n J Ds L 
(day-1) (taM d -~) (mmol (cm 2 d -1) (cm) 
m-2 d-Z) 
8101 0.27 31 0.06 1.29 0.5 
8103 10 293 0.71 0.857 0.5 
8104 4.3 202 0.38 0.743 0.5 
8105 9.5 1148 0.19 0.938 0.05 
8110 22 61 0.08 0.601 0.5 
8124 13 398 1.1 0.920 0.5 
8128 0.8 176 0.43 0.694 0.5 
8129 6.4 0 - 0.765 0 
8154 7.3 405 1.1 0.937 0.5 
11(7 120" 124" 12-5" 126" 127" 
3  20" i
I ~, East China Sea 
,=_ NH4 ÷ Production (O-15crn) 
¢*  
30 ~ :. ~ '~ 
29" Reg ions  
[ ]  O- I mmoles/m2/day 
[ ]  I -5  " 
[ ]  5-11 ,, 
28 o 
Fig. 11. General spatial patterns of NH] production rates in upper I0 to 15 cm of sediments. 
Rates are expressed as the flux from the upper 10 to 15 cm of the bottom which could be supported 
at steady state by the observed production rates in the anoxic incubations. Net production has been 
corrected for adsorption assuming the measured average adsorption coefficient ofK ~ 1.3 (MACK1N 
and ALLEg, 1984b). Total production rates were converted to potential fluxes using measured sedi- 
ment porosities. 
independent ofbottom water temperature distributions. Close to the river mouth, gradients of 
increasing nitrogen remineralization rates extend away froma central tongue-shaped region, 
the axis of which trends to the southeast. Surrounding the r gion of low reactivity is an 
apparent halo-like region of more reactive sediment, theexact shape of which is not well 
defined by the station distribution. Farther offshore, production rates generally decrease 
although there are isolated highs. These various regions correspond roughly to the sedi- 
mentary facies I, II, and III + IV described by RHOADS et  al .  (1985). Because of the dynamic 
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nature of the sedimentary environment and problems in exactly locating stations within 
strong gradients in sediment properties, possible seasonal differences have been ignored in 
interpretations of these particular data. 
Additional evidence for regular variation in the reactivity of sedimentary organic matter 
comes from the nitrification-denitrification rate models outlined in the results section. 
Although all stations how a rapid depletion of NO3 below the sediment-water interface, 
there are substantial differences in potential reduction rates. The same stations which have 
relatively low NH + production rates also have low first-order denitrification rate constants. 
For example, the west to east transect of 8128W, 8104W, 8105W, and 8110W give k = 0.8, 
4.3, 9.5, and 22 day -~ , respectively (Table 2). Because k is directly proportional to the 
maximum reduction rate that can be supported by sedimentary organic matter, it is a direct 
reflection of volumetric reactivity of metabolizable organic matter at each site. 
The spatial patterns in NH + production rates and nitrate reduction rate constants can be 
explained in several ways. The area of lowest reactivity corresponds generally with the area 
of highest sedimentation rates (DFA~[ASTER et al., 1983) and underlies water column regions 
having high suspended matter concentrations (surface water ~0.5 to 1.5 g l -~ ; MILLIMAN et 
al., 1983). Although the fresh surface waters which periodically overlie the area are nutrient- 
rich, there is little evidence for biological uptake until resuspension and associated turbidity 
is sufficiently reduced to permit extensive photosynthesis at higher salinities (DEMASTER and 
N1TTROUER, 1983). The inhibition of primary productivity in surface waters due either to high 
suspended matter concentrations or high flow rates (short residence time of water in the 
estuary) has also been observed in waters off other rivers (CADtZE, 1978) and shelf areas 
(KEMP et al., 1982). As a result, the organic matter buried in the regions of high sedimenta- 
tion and water column suspended matter is relatively depleted in reactive planktonic material 
rich in labile nitrogen compounds compared with surrounding regions underlying less turbid, 
more productive waters. The high influx of terrigenous debris also serves to dilute any 
planktonic material that is deposited in turbid regions, thus further decreasing the apparent 
total reactivity of the deposit. In the present case dilution alone is not sufficient to account for 
the observed pattern, as sedimentation rates vary by a factor of l0 whereas NH + production 
rates vary by a factor of 100. As suspended solid concentrations decrease offshore, river- 
borne nutrients are utilized by plankton, causing an increase in water column productivity 
and producing a region of high input of labile organic matter to sediments underlying the 
edge of the river or resuspension plume. Farther offshore the input of labile organic matter to 
sediments presumably decreases again as nutrients in the overlying waters are depleted. 
The observed reaction rate patterns are not readily apparent from bulk sediment analyses. 
Percent C in surface sediments off the Changjiang range from 0.3 to 0.9% (mean ,-.0.53%) 
while C/N atomic ratios range from ,,-8 to 16 with most values between 8 and 10 (Table 1). 
There are no regular spatial patterns in %C or C/N ratios other than those grossly related to 
increasing rain size offshore. The production rate measurements indicate that the majority 
of the organic matter deposited near the river mouth is relatively refractory with respect o 
nitrogen release and is likely to be either more dominantly terrestrial or perhaps older, 
reworked marine organic matter than found in the offshore regions. Although terrestrial 
organic matter can have C/N atomic ratios up to ~60 to 90, average riverine organic matter 
has C/N ratios in the range of ,~8 to -10; comparable to normal marine sediments 
(MEvaACK, 1982). Suspended matter from the Changjiang has widely varying C/N ratios 
(,-,1 to 40) but also averages ,-,8 (MILLIMAN et al., 1984). This bulk ratio is therefore not a 
particularly sensitive indicator of the abundance of marine vs terrestrial organic matter in 
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most cases, and in this instance the bulk ratio would not predict any of the observed trends in 
remineralization rates. 
Sediment-water exchange 
Despite the fairly well-defined spatial patterns in production rates, direct measurements of 
net NH + flux into overlying waters do not show a similar pattern (Table I). The measured net 
fluxes lie in the range of-2.6 to 3.4 mmol m -2 day -t with an average near the river mouth of 
~0.7. These values are consistently ower than the potential f uxes calculated from the anoxic 
incubations (Fig. 11). If NH + undergoes no reactions other than adsorption after release into 
pore waters, then at steady state the potential production flux should equal the directly 
measured net flux minus excretion by macrobenthos. The latter contribution is probably 
~20% of the total flux, but is poorly known (HARRIS, 1959; ALLER, 1980b). The fact that the 
net fluxes are less than the potential values implies that NH + in the sediment is extensively 
reoxidized as also indicated by the interstitial NO~ profiles. The departure of the predicted 
maximum potential NH + flux and the measured net flux from a 1:1 relationship can be used 
to estimate that the average percentage of microbially produced NH + reoxidized at steady 
state in the shelf deposits is ,-,76 + 25% (Fig. 12). Considerable scatter in the data is present 
illustrating that this percentage varies substantially between sites. 
Net NO3 fluxes into and out oftbe bottom ranged from -1.4 to +3.2 mmol m -2 day-]; the 
negative sign indicates uptake by the bottom whereas the positive sign represents net release 
(Table 1). For stations visited in both the summer and autumn periods there is a tendency for 
net uptake of NO~ during the summer and net release during the autumn (e.g., 
8129S + 8129W, 8005 + 8105W, 8004 + 8104W) although at least one exception occurs 
(8024 + 8124W). More importantly, there is a tendency for inshore stations near the river 
mouth to take up NO~ or release less NO~ than offshore stations. This is illustrated by the 
west-east transect represented by 8128W-8011, where during autumn 1981, fluxes ranged 
go 
• - ~7s% c~reumod 
- -eL 
i 
-I 
-2 
-3'  2 
I:~:~g~iol 
• June 1980 
• Aug. F36 I 
• NOV. 1981 
4 6 8 I0 12 
Production NH4* (mmdes/mZ/day) 
Fig. 12. Relation between potential steady-state flux predicted by the reaction rate measurements 
and directly measured net flux. The average deviation of the observed points from a 1 : 1 relationship 
indicates that roughly 76 + 25% of the produced NH + is consumed by reoxidation or other reac- 
tions near the sediment-water interface. 
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from -0.24 in the west to +3.2 mmol m -2 day -1 in theeast, and during summer 1980 ranged 
from -0.13 in the west to 0.15 mmol m -2 day -1 in the east. Regions of net NO3 uptake may 
expand farther offshore during summer compared to colder periods, but the relative 
inshore-offshore trend is apparently not seasonal. This implies that although the offshore 
regions contain the more reactive organic matter, they behave as though they are the more 
oxidized eposits. Reasons for this are discussed later. 
In principle, the sum of the directly measured net NH~ and NO3 fluxes plus the integrated 
denitrification rates calculated from pore water profiles should be approximately equal to the 
NH~ production rates at each site. These quantities, obtained from Tables 1 and 2, for 
autumn 1981 stations are compared in Fig. 13. Given the large potential errors in these 
measurements and the fact that macrofaunal excretion is ignored, good agreement exists at 6 
to 7 of the 9 stations while 2 stations have distinctly higher measured uptake of NH-~ and NO3 
than can be accounted for by calculated enitriflcation. This probably reflects errors due to 
the incubated flux core technique. According to these calculations the percentage of total 
dissolved nitrogen released from the sediment as N2 varies considerably but averages 
37 _+ 34% (N = 7). The mean value is comparable to that reported for other nearshore 
environments (SErrZINGER et al., 1980; BILLEN, 1982). 
Contrary to NH'L the net flux of Si(OH) 4 from bottom sediments shows a regular increase 
away from the river mouth (Table 1, Fig. 14). This pattern is similar to that observed for NH~ 
production (Fig. 11). All areas of the shelf release Si(OH)4 to the water column. The range of 
fluxes observed is 0.13 to 13.2 mmol m -2 day -1 with an average near the river mouth of~2.3. 
An explanation for the overall pattern of fluxes is provided by consideration of pore water 
profiles, reaction kinetics, and distribution of benthic ommunities off the river mouth. 
Pore water solute distributions 
The inshore, high sedimentation rate stations how a greater buildup of interstitial NH + in 
surface sediments han do offshore stations (Figs 3 and 4). This pattern is exactly the opposite 
to that expected on the basis of the production rate distribution (Fig. 11). Physical distur- 
bances such as high rates of sedimentation together with a relatively low input of labile 
organic matter prevent he establishment of a well-developed benthic community at the 
inshore stations (RHOADS et al., 1985). Animal abundance and biogenic reworking increases 
toward the areas of both low sedimentation a d greater water column productivity away from 
Fig. 13. 
a~ 4 
I,,-,1 -I • 
-2 Production Predicted 
(rrrnaes/rr~doy) 
Comparison between measured and calculated total inorganic N fluxes (NH+4, NO 3, N2) 
and anoxic NH + production rate (microbial) for autumn 1981 stations. 
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General spatial pattern of net Si(OH)+ flux from bottom sediments. 
the river mouth. The presence of abundant infauna, which build and irrigate burrow 
structures, results in three-dimensional diffusive-advective exchange of sedimentary solutes 
with the overlying water (ALLER, 1982). The result is that constituents such as NH+4, which 
are products of reactions driven by zero-order kinetics, do not build up in a bioturbated 
deposit. Similarly, reactants like SO 2- which are consumed uring zeroth-order reactions are 
not greatly depleted in the upper few decimeters. In contrast, Si(OH)4 concentrations are not 
necessarily as strongly affected by biogenic reworking because rates of reactions in this case 
are concentration dependent and tend to counteract solute loss by transport. 
The general pore water solute distribution patterns can be shown to be quantitatively con- 
sistent with both the reaction rate and faunal data by use of the three-dimensional diffusion 
model of Aller (1980a, 1982). In this model pore water solutes in the bioturbated zone are 
allowed to diffuse both horizontally into irrigated burrows as well as vertically. To determine 
a particular solute profile the total thickness of the bioturbated zone, burrow size and 
abundance, and appropriate r action rates must all be specified. Sedimentation can be ignored 
because of the small diffusion scales involved. In the present instance three hypothetical but 
realistic examples are used for illustration. One sediment deposit is assumed to have a depth- 
independent NH + production rate of 4 IiM day -I and no burrows (one-dimensional diffusion), 
the second site has a production rate of 20 laM day -1 and 200 burrows m -2 of 0.1 cm 
diameter, and the third site has a production rate of 100 IiM day -t and 2000 burrows m -2 of 
0.1 cm diameter. These three cases are generally characteristic of stations along a west-east 
transect from the river mouth to offshore (Fig. 8; RttOADS et al., 1985). The depth of the 
modeled zone is taken as 20 cm and for simplicity no flux of solute from below this zone is 
allowed. The whole sediment molecular diffusion coefficient, D~, for NH~ in all cases is taken 
as 0.715 cm 2 day -1 (T= 17°C, 1~OF= 0.5, see previous definitions in Results). Overlying 
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water NH + is assumed to be 0.2 ~M. Model equations and solutions for these conditions are 
given by ALLER (1980a, 1982). 
The steady-state v rtical pore water NH + profiles corresponding to the three cases are 
plotted in Fig. 15. These demonstrate directly that the relative macrofaunal bundances and 
NH + production rates measured off the river mouth should result in the observed spatial 
pattern of average NH + concentrations, that is, the build-up of NH + levels opposite to that 
expected from the NH + production rates alone. 
The influence of bioturbation, or disturbances from physical mixing, on the flux of solutes 
from a deposit is also a function of the kinetics of reactions which control production or con- 
sumption. At steady state the sediment-water flux of a solute subject o zeroth-order reac- 
tions is not changed by biological irrigation, but the geometry of exchange is drastically 
altered. Part of the exchange occurs across burrow or tube walls and part across the upper 
sediment-water interface. In the case of NH +, burrow structures can also influence the 
amount of nitrification possible in a deposit by introducing 02 into burrow wall microenviron- 
ments at depth (GRUNDMANIS and MURRAY, 1977; HENRIKSEN et al., 1982). The total produc- 
tion and thus potential f ux of constituents [like Si(OH)4] subject o concentration-dependent 
reactions can be drastically altered by irrigation (ALLER, 1980a). This comes about because 
the more a deposit is flushed the faster material dissolves to counteract solute loss and in this 
case the greater the total flux into overlying waters. 
When all the above factors are considered the explanations for the observed patterns of 
pore water solute concentrations, reaction rates, and fluxes on the East China Sea shelf are 
relatively straightforward and have been documented in other environments (ALLER, 1980b). 
As just demonstrated, the offshore increases in organic matter eactivity and NH + production 
rates are counteracted by increasing biogenic reworking and irrigation as benthic com- 
munities become stable and well-developed. Constituents like NH + do not build up in these 
deposits and the relative importance of oxidation reactions uch as nitrification in burrow 
NH4 + Production Rates (/~M/d) 
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Fig. 15. The relative build-up patterns of interstitial NH~ predicted by three-dimensional diffusion 
model for three hypothetical cases typical of stations at increasing distance from the river mouth. 
Representative reaction rates, burrow sizes, and animal abundances are used in each case (see text). 
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microenvironments increases offshore. Dissolved Si(OH)4 production and thus the flux of 
Si(OH)a out of the sediment is increased by biogenic flushing in the bioturbated areas, but 
concentrations of silica in the sediments are not altered because of rapid approach to 
equilibrium values (MACKIN and ALLER, 1984a). In addition, a possibly greater input of 
biogenic silica to areas underlying more productive waters may accentuate he production or 
flux pattern for Si(OH)4. 
The relative ffect of reworking in the different sedimentary egions can be illustrated by 
comparing the diffusive flux of solutes predicted by a one-dimensional form of Fick's first law 
with directly measured fluxes. In the absence of reworking, a deposit behaves as a one- 
dimensional body so that the diffusive flux of a solute is related to its concentration gradient 
across any horizontal plane in the sediment by: 
J=-#D,(~C/~x), (19) 
where all symbols are as defined in equations (1) to (18). The flux across the sediment-water 
interface is estimated by evaluating (19) at x = O (LERMAN, 1979; BERNER, 1980). A value of 
D, is determined as described previously (see NO5 model). The concentration gradient was 
estimated by either assigning the measured concentration in the 0 to 1 cm interval to a depth 
of 0.5 cm and assuming a linear gradient to the overlying water value at x = 0 or calculating a 
polynomial function the integral of which predicts the average concentrations over the 0 to 1 
and 1 to 2 cm intervals and then differentiating at x = 0. These two different methods 
generally agreed to within ~20%. The one chosen for use at a given station was the one which 
gave the higher flux. Equation (19) can give erroneous estimates for several reasons: (a) trans- 
port may not be one-dimensional as is the case in a bioturbated deposit; (b) the concentration 
gradient may deviate from the assumed function in the upper few millimeters of a deposit due 
to unaccounted for reactions (Fig. 9): (c) a diffusive boundary layer of significant thickness 
may be present above the sediment (BOUDREAU and GUINASSO, 1982); and (d) there is 
uncertainty in each of the variables used in the evaluation. Despite these problems, diffusion 
predicted fluxes often agree well with directly measured values in unbioturbated deposits or 
when reaction rates are attenuated sharply below the sediment-water interface (ALLER, 1982). 
The relationships between directly measured and one-dimensional diffusion predicted fluxes 
during both June 1980 and November 1981 for NH + and Si(OH)4 are shown in Figs 16 and 
=! 
8 i 
Z 
-I 
JUNE 1980 
I,I 
0 I 2 
NO~ 1981 $ 
../7 
/ ' ' ? ,  
-I 0 I 2 
I-d Diffusion Predicted 
NH,~ Flux (mmoles/mZ/doy) 
Fig. 16, Directly measured flux of NH + compared with one-dimensional diffusion prediction based 
on pore water solute gradients for June 1980 and November 1981 samples. Large discrepancies 
occur at stations with relatively well-developed benthic ommunities. 
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Fig. 17. Directly measured flux of Si(OH)( compared with one-dimensional diffusion prediction 
based on pore water solute gradients for June 1980 and November 1981. Although some stations 
show good agreements large discrepancies can occur in bioturbated areas. 
17, respectively. Some stations show good correspondence b tween the two kinds of flux 
estimates, but the diffusion prediction substantially underestimates (or overestimates) the 
measured flux in about half the cases. Predicted values tend to be in a restricted range com- 
pared to measured values, particularly for NH + where the poorest overall correspondence 
occurs. As expected, the greatest underestimates are at offshore stations where irrigation of 
the bottom by benthic organisms is highest (Table 1, Fig. 15). There is, however, no simple 
relation between biomass of the benthic community and discrepancies between the flux 
estimates. This reflects the following: (a) even a low abundance of particular kinds of infauna 
can substantially alter solute transport and (b) discrepancies between flux estimates produced 
by bioturbation depend on the depth dependence of reaction rates within the sediment (ALL~g, 
1982). 
Storage of reactive organic matter 
In the case of the Changjiang deposits the interplay of biological, physical, and chemical 
processes results in sediments which are initially less reactive with respect to decomposition in 
high sedimentation areas than in low sedimentation areas. It must be emphasized that all of 
these areas are accumulating reactive material in an absolute sense as demonstrated by the 
data from gravity cores at 8104, 8105, 8101, and 8154 (Fig. 18). All sites show evidence of 
rapid SO42- reduction below the bioturbated zone. Stations 8101 and 8154, which had indica- 
tions of biogenic reworking to ,-,1 m, still demonstrate rapid SO42- depletion and high NH + 
concentrations at depth. At Sta. 8104, which is located in a generally less biologically 
reworked area, SO 2- is more depleted and NH~ builds up to higher concentrations closer to 
the sediment-water interface, as expected. 
The initial SO 2- concentration gradient below the irrigated zone at each station can in 
principle be used to estimate sedimentation rates from the empirical relationships documented 
by BERNER (1978) and to compare relative reactivity of buried organic matter at each site. 
These sedimentation rates are 0.2, 0.2, 0.3, and 0.3 cm y-i at 8101, 8154, 8104, and 8105 if 
the world average relation is assumed or 1.8, 1.4, 2.2, and 2 cm y-I if the Mississippi Delta 
averages are used. The actual apparent sedimentation rates (uncorrected for bioturbation) at 
8101, 8104, and 8105 are 3.5, 5.4, and 3.1 cm y-i (DEMASTER et aL, 1983). This implies that 
the Chan~iang deposits behave similarly to the Mississippi Delta sediments in that the ratio 
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Fig. 18. Interstitial SO i- and NH~; profiles in gravity cores from Stas 8101W, 8104W, 8105W, 
and 8154W. Concentration gradient estimates used to calculate sedimentation rates were made from 
~140 to 160, 0 to 30, 20 to 60, and 5 to 60 cm depth intervals of the SOl- profiles at these stations, 
respectively. 
of reactive organic matter deposition to terrigenous inputs is significantly lower than in non- 
deltaic areas. Put another way, these deposits are storing less reactive material than expected 
on the basis of the world average relation of reactivity vs sedimentation rate and may have 
higher sedimentation relative to input of metabolizable organic matter than the value 
necessary for optimum preservation (ALLER and MACKIN, 1984). In this latter case, advective 
supply of electron acceptors during burial and the dilution of reactive organic carbon by sedi- 
mentary debris can actually decrease preservation of identical organic material at high 
(compared to low) sedimentation rates. The transport factors that can lower storage in high 
sedimentation regions may be counteracted by processes which supply organic material at 
initially low average reactivity; these include inhibition of water column productivity and 
supply of relatively refractory terrestrial carbon. Organic material of low reactivity is stored 
more efficiently, other conditions equal, than highly reactive material. For these reasons, 
without measuring the actual fluxes of reactive organic matter to the sea floor off the Chang- 
jiang, it cannot be unequivocally concluded that the percentage storage of organic input of 
marine origin is greater in the high (relative to low) sedimentation rate regions. If, however, it 
is assumed that bioturbated offshore areas receive -,,10 times the reactive carbon flux in the 
nearshore areas based on reaction rate measurements, have sedimentation rates of 
,-,0.1 cm y-~ (or 1/10 the values in nearshore regions), and have an effective solute diffusion 
coefficient of >/I0 times the one-dimensional molecular value, then it can be shown (ALLER 
and MACKIN, 1984) that the high sedimentation areas are likely to store a greater proportion 
of reactive organic material than the offshore areas. 
CONCLUSIONS 
Measurements of pore water solute profdes, reaction rates, and sediment-water solute 
fluxes, together with associated studies of physical and biological characteristics of sedi- 
Early chemical diagenesis, near the mouth of the Changjiang, East China Sea 249 
mentary deposits off the Changjiang, demonstrate w ll-defmed spatial patterns in diagenetic 
processes. High suspended matter, high rates of physical disturbance ofthe bottom, and high 
net sedimentation near the river mouth inhibit primary production of organic matter in the 
water column and the establishment of a well-developed benthic community. Recently 
deposited sediments in this region are relatively unreactive with respect o organic matter 
decomposition reactions compared to deposits underlying more productive regions along the 
edge of the river plume farther offshore. The presence of abundant infauna in offshore regions 
prevents the build up of decomposition products, so that trends in average interstitial solute 
concentrations away from the river mouth are opposite to those expected on the basis of sedi- 
ment reactivity alone. Inshore stations with lowest reaction rates show greatest build up of 
decomposition products like NH +. Burrows also create oxygenated microenvironments so 
that net release of NO~ to the water column due to nitrification is higher in relatively biotur- 
bated regions. Dissolved silica fluxes are also highest at offshore, bioturbated stations, as 
expected, while NH + fluxes out of the bottom are variable, apparently because of oxidation or 
other consumption reactions near the sediment-water interface. An average of ~76% of the 
NH + produced in surface sediments i reoxidized and roughly half of the resulting NO~ is 
subject to denitrification. Discrepancies between direct measurements of sediment-water 
solute fluxes and predictions based on one-dimensional diffusion models are greatest inbiotur- 
bated areas. The overall result of these patterns hould be that the eventual storage of 
diagenetic products of decomposition will be proportionally greater in nearshore regions of 
rapid sedimentation compared to offshore regions despite relatively low initial reaction rates 
in the former. This is due to high sedimentation rates in the nearshore areas which cause pre- 
servation of deposited organic matter and to the greater openess and recycling of dissolved 
material between the sediment and water column which lowers preservation i  offshore 
bioturbated areas. These observations support he general conclusion that source material, 
electron acceptor availability, sedimentation rate, and macrofannal ctivity are all major 
factors in determining the kinds and abundance oforganic ompounds preserved in ancient 
sediments (DEMAISON and MOOSE, 1980; WESTRICH, 1983; ALLER and MACKIN, 1984). 
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